HPV vaccines are efficacious in preventing HPV related cancers. However, the vaccination uptake in Ghana is very low. Studies that utilize theoretical frameworks to identify contributory factors to HPV vaccination uptake in Ghana are understudied. We used multi-theory model (MTM) constructs to predict initiation and completion of HPV vaccination series in Ghanaian adolescents. Adolescents (n = 285) between the ages of 12 and 17 years old were recruited from four selected schools in Ghana to participate in the cross-sectional study. Linear regressions were used to analyze the data. Most participants were female (91.2%) and senior high school students (60.0%). Many of the participants had neither heard about HPV (92.3%) nor HPV vaccinations (95.4%). Significant predictors of adolescents' likelihood of getting the first dose of HPV vaccination were perceived beliefs and change in a physical environment (p < 0.001), with each variable accounting for 6.1%and 8.8% of the variance respectively. Significant predictors of adolescents' likelihood of completing HPV vaccination recommended series were perceived beliefs, practice for change, and emotional transformation (p < 0.001), with each variable accounting for 7.8%, 8.1%, and 1.1% of the variance respectively. Findings underscore important opportunities for developing educational interventions for adolescents in Ghana to increase the HPV vaccination uptake.
Introduction
African governments, non-governmental, and philanthropic organizations have concentrated much of their efforts on preventing malaria and HIV/AIDS in the African continent. However, less attention has been given to Human Papillomavirus (HPV) related cancers, which are silently contributory factors to HPV vaccination uptake in Ghana are limited. A novel multi-theory model of behavior change is a viable theoretical framework that can be used to predict both the initiation and completion of HPV vaccination behaviors in adolescents in Ghana.
Theoretical Framework
The multi-theory-model (MTM) [29] is a behavior change theory with two main components: initiation of the behavior change, and continuation of the health behavior change. The initiation of behavior change includes three key constructs. First, is a participatory dialogue which is defined as the difference between advantages and disadvantages of engaging in a behavior (e.g., the initiation of HPV vaccination). Behavioral confidence is a second construct which is a function of individual certainty to perform a given health behavior change (e.g., confidence in getting HPV vaccination) in the future. Changes in the physical environment is a third construct that can be used to evaluate whether the availability and accessibility of physical factors (e.g., cost and availability of HPV vaccination) could facilitate a behavior change [30] .
The continuation of a given behavior also involves three key constructs, emotional transformation, practice, and social environment. The emotional transformation construct is changing individuals' emotions toward a given behavior change (e.g., making sure to complete the recommended doses of HPV vaccination). The construct of practice for change highlights the individuals' deep consideration of a given behavior change and engaging in iterative processes to overcome barriers and remaining focused on sustaining a behavior change (e.g., keeping journals to remind one's self about going for a second dose of HPV vaccination). The construct of changes in the social environment stipulates that creating social support from the environment (e.g., parental and primary care provider support for HPV vaccination) helps in sustaining a given health behavior [30] . Unlike other health behavioral theories that include only individual constructs of the MTM, including the combination of the constructs may result in more predictive power when operationalized in an intervention setting [30] .
The inclusion of MTM in HPV vaccination research constitutes a new approach well supported in health promotion and public health research. The use of MTM has consistently shown to have high predictive power across multiple health-related behaviors [30] . Since its introduction, MTM has been used to predict physical activity behavior in adults [31] , portion size behavior in adults, [32] and sleep behavior [33] . Furthermore, MTM includes constructs: (participatory dialogue [34] , behavioral confidence [35, 36] , social environment, physical environment [35, 37] , and emotional transformation [38] ) that have been empirically tested and proven to be efficacious in guiding intervention studies [29] . The purpose of this study was to identify factors that predict the likelihood of initiation and completion of HPV vaccination series in adolescents in Ghana using MTM constructs.
Materials and Methods

Sample Size Determination
A target sample size was calculated in the G*Power software, specifying an effect size of 0.10, an alpha of 0.05, power of 0.95, and 7 predictors. Based on the criteria, a total sample size of 226 was determined adequate for the study. To account for potential missing data the sample size was increased by 25% and therefore our recruitment target was 283 participants.
Recruitment Procedure
A convenience sample of adolescents was recruited from four schools in the Ashanti Region in Ghana to complete a 44-item survey based on MTM constructs. To be eligible, adolescents had to be 12 to 18 years and be able to read or understand English. The study protocol went through a series of approval processes before recruiting adolescents for the study. First, study approval was also obtained from the Ghana health services, Ghana education service, and school administrators. After obtaining these approvals, we worked with the school administrators to identify interested students and obtained parental permission before the child could assent to the study. All assenting adolescents were given a hard copy of the survey to complete and return to the researchers.
Measures and Reliability Assessment
We used a modified version of multi-theory model (MTM) questionnaire [30] . The reliability of the modified version of the survey was tested using test-retest reliability (correlation coefficient) and internal consistency (Cronbach alpha) methods. To assess the reliability of the tool, the questionnaire was administered twice among 40 adolescents at an interval of two weeks. The correlation coefficient and Cronbach alpha of 0.70 is considered acceptable [39] . The modified version consisted a 44-item survey assessing demographic characteristics, predictor, and outcome variables. Demographic variables included age, gender, education, religion, and evidence of health insurance. Two knowledge items, whether participants had heard about HPV and HPV vaccinations were included with a yes/no response option.
Predictors
The predictor variables were the constructs of MTM and the perceived beliefs subscale. The MTM constructs consisted of three subscales that predict the initiation of the HPV vaccination: participatory dialogue, behavioral confidence, and physical environment, and three subscales to predict the completion of the HPV vaccination recommended series: social environment, practice for change, and emotional transformation.
Initiation Subscales Predictors
The participatory dialogue consists of the perceived benefits of HPV vaccination (5 items) and perceived barriers of HPV vaccination (5 items). The perceived benefits of HPV vaccination items included protection against cervical, head and neck, mouth and throat cancers and genital warts, improve the immune system, and feel better about overall health. The perceived barriers of the HPV vaccination items included side effects, the cost of the vaccine, inconvenience, pain, and possible effects on the reproductive system. To calculate the participatory dialogue score, the disadvantages scores were subtracted from the advantages scores. This scoring approach is consistent with the recommendation by theory's author [30] , The participatory dialogue score ranged from −25 to 25 where negative scores indicated less likely to participate and positive scores indicated more likely to participate. The behavioral confidence subscale (5 items) included the certainty of getting the HPV vaccination in the future without having insurance, with their present schedule, irrespective of the distance involved to get a vaccination, and vaccine side effects. The changes in physical environment subscale (3 items) included the certainty of arranging for payment, place, and transportation to get the first dose of vaccination. The composite scores were computed for the behavioral confidence and the changes in the physical environment items and the possible scores range were 1-25 and 1-15 respectively, where higher scores indicated the likelihood of getting the first dose of HPV vaccination.
Completion of Recommended Dose Predictors
The changes in social environment subscale (3 items) includes certainty of getting support from a family member, friends, and health professionals for all the recommended series of HPV vaccination. The practice for change subscale (3 items) included certainty of being able to keep a record to monitor getting the recommended series, overcome barriers to getting recommended doses, and change schedule to be able to get the recommended doses. The emotional transformation subscale (3 items) included certainty related to being able to direct emotions, motivate oneself, and overcome self-doubt to getting the recommended doses. The composite scores were computed for the subscales and the possible score range was 1-15 where higher scores indicated the likelihood of completing the recommended doses of the vaccine.
Additional Predictor
We also included a perceived belief variable as an additional predictor. The three perceived belief items assessed participants' perceived belief about whether HPV can cause cancer, HPV vaccination can prevent HPV related cancer, and HPV vaccination was effective when adolescents are vaccinated in their pre-teen years. The possible score was 1-15 where higher scores indicated higher beliefs.
Outcome Variables
The two outcome variables for the study were the likelihood of adolescents getting the first dose of HPV vaccination within the next month and the likelihood of adolescents completing the recommended series of HPV vaccination with the next 12 months. The response options were somewhat likely, moderately likely, likely, very likely, and completely likely. The possible score range was 1-5 where 1 indicated less likelihood and 5 indicated a high likelihood of initiation or completion.
Statistical Analyses
Descriptive statistics were calculated on the demographic data to describe the sample. Univariate analysis was used to compare the mean difference of participants' likelihood of getting the first dose and completing the recommended series of HPV vaccination. Hierarchical multiple regression analyses were conducted to predict HPV vaccination behaviors. All data were analyzed using the IBM Statistical Package for Social Sciences (SPSS) version 25.0.
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Results
Sample Characteristics
The sample characteristics for adolescents are given in Table 1 . A sample of 285 adolescents (M = 15.47, SD 1.80 years) participated in the study and provided evaluable data that were included in the analysis. Ten participants who did not provide data on the outcome variables were excluded from the final analysis. Most participants were female (91.2%), senior high school students (60.0%), Christians (96.8%), and did not have a primary care doctor or nurse (84.9%). The majority of the participants had not heard about HPV (92.3%) or HPV vaccination (95.4%). 
Descriptive Statistics
Participant scores for change in a social environment (M = 11.79, SD = 2.81), change in the physical environment (M = 11.79, SD = 2.22), emotional transformation (M = 11.60, SD = 2.82) and practice for change (M = 11.55, SD = 2.86) were relatively high. However, participants' participatory dialogue (i.e., advantage-disadvantages) of HPV vaccination (M = 2.98, SD = 5.30) was very low (Table 2 ). 
Subscale Consistency and Test-Retest Reliability
The internal consistency for the subscales calculated using Cronbach alpha ranged from 0.78-0.96. The test-retest results for the subscales showed correlation coefficients (r) ranging from 0.65-0.92 (see Table 2 ).
Initiation of HPV Vaccination
Univariate analyses for initiation showed that participants' sex and age were strongly associated with the likelihood of getting the first dose of HPV vaccination (p < 0.001). Female participants were more likely than males to report a willingness to get the first dose of the vaccine (M = 3.46 vs. M = 2.64; p < 0.01, respectively). Participants between ages 12 and 15 years were more likely than those between ages 16 and 18 years to report a willingness to get the recommended doses of the vaccination (mean difference 4.00 vs. 3.27; p < 0.01, respectively).
In hierarchical multiple regression analyses for initiation (see Table 3 ), the results indicated that 23.6% of the variance in adolescents' likelihood of getting the first dose of HPV vaccination was explained by the model (R 2 = 0.236, F (10, 274) = 8.488, p < 0.001). After controlling for the sample characteristics in the final model (see Model 3), the perceived beliefs and change in physical environment were the significant predictors of the adolescents likelihood of getting their first dose of HPV vaccination (p < 0.001), with each variable accounting for 6.1% and 8.8% of the variance respectively. 
Completion of HPV Vaccination Series
Univariate analyses for completion showed that age, sex and education were strongly associated with the likelihood of getting the recommended doses of HPV vaccination (p < 0.001). Participants between ages 12 and 15 years were more likely than those between ages 16 and 18 years to report a willingness to get the recommended series of the vaccination (M = 4.02 vs. M = 3.26; p < 0.001, respectively). Females were more likely than males to report a willingness to complete the recommended doses of the vaccines (M = 3.79 vs. M = 1.64; p < 0.001, respectively).
In hierarchical multiple regression analyses (see Table 4 ), the results revealed that 36.0% of the variance in the likelihood of completing the recommended doses of HPV vaccination was explained the by the whole model (R 2 = 0.360, F (10, 274) = 15.544, p < 0.001). After controlling for the sample characteristics in the final model (Model 3), perceived beliefs, practice for change subscale, and emotional transformation subscale were the significant predictors of the likelihood of completing the recommended series of HPV vaccination (p < 0.001), with each variable accounting for 7.8%, 8.1%, and 1.1% of the variance respectively. 
Discussion
In the current cross-sectional study, we investigated predictors of Ghanaian adolescents' intention to accept HPV vaccination. Key predictors for initiating vaccination included age, gender, perceived beliefs, and change in the physical environment. The predictors for completing the recommended doses of HPV vaccination included practice for change and emotional transformation.
Most of the participants in our study reported that they had not heard about HPV nor HPV vaccination. We also found age, gender, and perceived beliefs about the HPV to be significant predictors for initiating vaccination uptake. These finding are consistent with other studies conducted in low middle-income countries. Researchers report a general lack of awareness about HPV and the availability and need for the HPV vaccine [40] [41] [42] [43] . Furthermore, they report an association between the participant's gender [44] and age [45, 46] and the likelihood to initiate HPV vaccination, with females more likely than males to report a willingness to initiate and complete HPV vaccination [44, 47] . In our study, perceived beliefs that HPV causes cancer, that HPV vaccination is effective in preventing cancer, and that HPV vaccination is effective in adolescents' early years were significantly associated with the initiation and completing of HPV vaccination; findings consistent with the previous research [48] [49] [50] [51] .
New findings of interest from our study are (1) the effects of the physical environment on HPV vaccination uptake, (2) how practicing for change predicts completion of the HPV vaccination series, and (3) the effects of emotional transformation on willingness to complete the vaccination uptake. Specifically, we found that participants' ability to make arrangements for payment, having a place to receive the vaccination, and transportation for HPV vaccination were significantly associated with intentions to obtain the vaccine. Other studies identified physical environment and transportation as a barrier to HPV vaccination [52, 53] ; however, the findings of our study support that change in those physical environment factors (transportation, cost, and place) could increase the likelihood of HPV vaccination initiation.
We also found that practicing for change was a significant predictor of completing the vaccination series. Adolescents practicing for change, such as keeping a journal, increases the likelihood of completing the vaccination series. Similar ideas, such as health care providers sending calendar reminders, have been used to increase health behaviors [54] [55] [56] .
Finally, we found that emotional transformation (i.e., adolescents channeling their emotions, practicing self-motivation, and overcoming self-doubt to getting the recommended doses) significantly influences the adolescent's willingness to complete the recommended doses of the vaccination. Lloyd et al.'s [57] study among adolescents in London schools found no association between emotion and vaccination acceptance, on the contrary in the Ghanaian adolescent population, we observed that adolescents' emotional transformation significantly influences their willingness to complete the recommended doses of the vaccination.
Implications
The current study has important implications for health care providers and interventions aimed at promoting the initiation and completion of HPV vaccination among adolescents in Ghana. We observed low knowledge and awareness about HPV despite the fact that there are vaccinations available to prevent the effect of HPV diseases. Therefore, it is critical to design and implement intervention studies to educate Ghanaian adolescents. In other studies, effective interventions have focused on education regarding the etiology and provided epidemiological evidence of HPV, its related diseases, available vaccines, and their effectiveness to prevent those diseases [40, [58] [59] [60] .
Our findings underscore the gender differences in the likelihood of accepting HPV vaccination. Girls were more likely to report a willingness to initiate and complete the vaccination series. While it is important to educate females about HPV vaccination, it is equally important to develop intervention studies to address other HPV related cancers. Researchers have found that adolescent boys' willingness to accept vaccination may be enhanced by knowledge of penile, anal, mouth, and throat cancers and the effectiveness of the vaccination in preventing those types of cancers. That said, this result in gender differences should be interpreted with caution because of the small sample size for the adolescent boys.
Our study findings also highlight the importance of the physical environment. Our data suggest that changing transportation, payment for vaccination bills, and a place for vaccination may influence adolescents' vaccine intentions. Though these physical environments are modifiable, for most people in low-and middle-income countries, access to transportation to vaccination facilities, and paying for vaccination bills are challenges that would need government support or policy change to allow health insurance coverage to include HPV vaccination [9] .
Additionally, our findings underline the need for clinicians and intervention studies to encourage adolescents to practice the habit of keeping records or journals to remind themselves of the next vaccination scheduled visit, practice the strategies to overcome HPV vaccination barriers, and adjust their regular schedules to accommodate vaccination schedule to enhance the chances of adolescents completing of the recommended series. We also observed that emotional transformation is a significant predictor of adolescents' likelihood of completing the HPV vaccination series. Future intervention is needed to address the adolescents' emotional transformation by helping them channel their feelings and emotions, teaching self-motivation, and strategies to overcome self-doubt to enhance their probability of completing the HPV vaccination series.
Limitations and Strengths
The current findings should be considered in light of the study's limitations and strengths. The limitations include the nature of the study design as a cross-sectional study because it can introduce response, recall, and selection biases. Our outcomes are based on self-reported intention to initiate and complete the HPV vaccine series. We were unable to verify vaccination status through vaccine records. The use of a convenience sample limits the generalizability of the study findings to only study participants. The small sample size of 25 adolescent boys is a limitation in the study. A future study should include a larger sample size of boys to better understand the association of sex and HPV vaccination uptake. Finally, the lack of data from parents who are key in decision making for vaccination is a major limitation. However, knowing factors that influence adolescents' likelihood of accepting the HPV vaccination can help guide a future intervention to facilitate adolescents-parent communication about HPV vaccination [61] . Also, predicting HPV vaccination behavior among adolescents is consistent with several studies [62] [63] [64] . Notwithstanding, the strengths of the study include the application of a new emerging theory, multi-theory model. Though MTM is a newer theory, the constructs have been proven and tested to have high predictive power. Also, the use of MTM allows us to predict the likelihood of initiation and completion of the recommended doses as those two outcome variables are exclusive but are necessary conditions for determining the efficacy of the vaccination in preventing HPV related cancers. In our study, we focused on adolescents in a low-and middle-income country, Ghana, who have been underrepresented in the HPV vaccination studies. The use of an adequate sample size in our study adds strength to the statistical data analyses. Finally, we identified significant modifiable predictors (perceived beliefs, practicing for change, and emotional transformation) for adolescents' HPV vaccination initiation and completion.
Conclusions
In conclusion, the findings underscore the lack of awareness of HPV related cancers among adolescents in Ghana. The likelihood of the HPV vaccination initiation key predictors included perceived beliefs and a change in the physical environment. Perceived beliefs, practice for change, and emotional transformation were key predictors of HPV series completion. Future interventions should address these modifiable factors to increase HPV vaccination uptake among adolescents in Ghana. 
